There is a large body of evidence indicating that cross-country differences in income levels are associated with differences in productivity. If workers are much more productive in one country than in another, restrictions on immigration lead to large efficiency losses. The paper quantifies these losses, using a model in which efficiency differences are labor-augmenting, and free trade in product markets leads to factor price equalization, so that wages are equal across countries when measured in efficiency units of labor. The estimated gains from removing immigration restrictions are huge. Using a simple static model of migration costs, the estimated net gains from open borders are about the same as the gains from a growth miracle that raises the income level in less-developed countries by two-thirds.
arbitraged through the product market. The theoretical argument is beautiful, but of course the facts are otherwise. For example, wages in the U.S. are about 2.5 times the Mexican wage, for comparable workers. 2 Empirical studies that attempt to account for the observed differences in average incomes across countries have repeatedly shown that large differences remain after adjusting for differences in physical and human capital endowments. In other words, there are large differences in productivity. 3 This paper considers a model with labor-augmenting differences in productivity across countries.
In this model, the factor price equalization theorem holds (under the usual assumptions) if wages are measured in terms of efficiency units of labor. This means that the rental rate of capital is equalized across countries, but a Mexican worker in the U.S. has more efficiency units of labor (and therefore higher earnings) than the same worker in Mexico.
In the standard (Heckscher-Ohlin) model, factor price equalization means that there is no economic incentive to migrate from one country to another. But when the model is extended to allow for labor-augmenting productivity differences, there are potentially large gains from migration, because a worker who moves to a more productive place acquires more efficiency units of labor.
There are also potentially large costs, since people tend to be strongly attached to the place where they were born and raised. 4 Using a very simple specification of migration costs, the net gains from open borders can be roughly estimated. The main conclusion of the paper is that these gains are huge.
The gains from open borders have also been stressed in recent work by Klein and Ventura (2007) , Klein and Ventura (2009) and Clemens (2011) . In this work, cross-country income differences are attributed to differences in total factor productivity, and there are large gains when capital and labor are moved to more productive countries. The main novelty in this paper is that the gains from open borders are analyzed in an environment in which income differences are attributed to differences in labor productivity, and the factor price equalization theorem holds, as in Trefler (1993) . In contrast to the Klein-Ventura model, the gains have nothing to do with reallocating capital across countries, because it is assumed, in line with the evidence presented by Caselli and Feyrer (2007) , that there are no differences in the productivity of capital, and factor price equalization implies that the return to capital is the same in all countries.
2 See Clemens et al. (2008) 3 See Hall and Jones (1999) , Hendricks (2002) and Caselli (2005) , for example. Schoellman (2011) shows that cross-country differences in the quality of education are important, but even after accounting for these differences, the remaining differences in labor productivity are very large.
4 For empirical evidence on the importance of attachment to place see Kennan and Walker (2011) (for migration within the U.S.), and Lessem (2011) (for migration between Mexico and the U.S.).
Data
Cross-country differences in GDP per worker are displayed in Figure 1 , using data from the Penn World Tables. 5 Tables (v7.0) Population and Income, 2009 Clemens et al. (2008) compare the wages of foreign-born, foreign-educated workers in the U.S.
Census with the wages of similar workers in 42 home countries. Cross-country differences in wages are displayed in Figure 2 .
The relative wages shown in Figure 2 are used below to measure labor efficiency differences.
For example, the wage of a Mexican worker in Mexico is about 40% of the wage of a comparable worker who was born and educated in Mexico but who was working in the U.S. in the 2000 Census. This is taken to mean that Mexican workers have .4 efficiency units of labor, so that a Mexican worker who crosses the border becomes as productive as 2.5 Mexican workers who stayed at home.
The assumption here is that the variables that reduce productivity in Mexico (whatever they might be) are specific to the location, and not to the people who work in that location. This is obviously a strong assumption, given that there is no theory of what the relevant variables are. The main concern is that the workers who migrate are selected from the upper tail of the productivity distribution (conditional on observables).
5 See Alan Heston and Aten (2011) . In the figure, countries are identified by internet domain names. 
Selected Wage Differences, 1999
Figure 3 presents some evidence suggesting that the measure of labor efficiency is in fact not much affected by positive selection of migrants. Clemens et al. (2008) reviewed the empirical literature on migrant selection, and concluded that although it is likely that the typical migrant is somewhat more productive than the typical nonmigrant (conditional on observables), it is quite unlikely that the typical migrant is drawn from a point above the 70 th percentile of the productivity distribution. In Figure 3 , the relative wage on the vertical scale is measured as the wage at the 70 th percentile in the sending country relative to the mean U.S. wage (for a worker with the same observables), and this is plotted against the relative wage at the mean. The result is that the selection effect is not large.
Income per worker varies across countries not only because of differences in labor efficiency, but also because of differences in human capital endowments. Income per worker can be computed from data on GDP per worker and labor share. The labor share in country j can be written as
where w is the real wage, a j represents efficiency units of labor per worker in country j, h j is the human capital of the average worker, N j is the labor force, and Y j is total GDP. So if data are available on λ j and Y j , income per worker can be computed as
Bernanke and Gurkaynak (2002) 
Relative Wages and Income per worker, 1999
A country that has the same level of human capital per worker as the U.S. should lie on the 45-degree line in this plot. For most countries, the data lie well below the 45-degree line, indicating that the average worker in these countries has considerably less human capital than the average worker in the U.S. But there is at least one anomaly: the average worker in Egypt surely does not have more human capital than the average worker in the U.S. 6 Figure 5 shows factor price data for 17 countries. The vertical axis shows measures of the marginal product of capital, taken from Caselli and Feyrer (2007) . The horizontal axis shows data on wages relative to U.S. levels for comparable workers, from Clemens et al. (2008) . There are big wage differences, but the return on capital is roughly equal across countries, as Caselli and Feyrer (2007) point out. This is consistent with factor price equalization, given labor-augmenting technology differences across countries. 
Factor Prices
The Heckscher-Ohlin theorem says that each country exports factors in which it is abundant.
Trefler (1993) shows that data on imports and exports can always be made to satisfy the HeckscherOhlin theorem if suitable productivity adjustments are made. Let Ω * f j = a f j Ω f j be the effective endowment of factor f in country j, where Ω denotes physical units, and a represents factoraugmenting productivity differences, so that Ω * is measured in efficiency units. Then f is abundant
The data for Venezuela are also quite dubious.
where s j is j's share in world consumption.
If there are I produced goods, and T is the vector of net exports of these goods, then F * j = A * T j is the factor content of trade, where A * is the matrix of cost-minimizing factor quantities for each good (at a given factor-price vector), and it is assumed that this matrix is the same for all countries.
That is, it is assumed that technology differences across countries are confined to factor-augmenting productivity differences (as opposed to differences in elasticities of substitution between factors, for example). Then the (modified) Heckscher-Ohlin theorem is
There are a lot of free parameters in this model. The issue is whether the productivity adjustments match the data on relative factor prices across countries -whether the adjustments needed to match the trade flow data are consistent with factor price equalization. For capital and labor, and for a sample of 33 countries, Trefler (1993) shows that the match is quite good; moreover, the labor adjustments are bigger than the capital adjustments. 
Model

Factor Price Equalization with Labor-Augmenting Technology Differences
Suppose there are J countries, with different productivity levels. If the productivity differences are labor-augmenting (i.e. Harrod-neutral), then the technology for product s in country j can be specified as
where a j represents efficiency units of labor per worker in country j.
Let c 0 s be the unit cost function for product s when the labor input is measured in efficiency units, so that the production function is Q s = F s (K s , L s ). Then it is easy to see that the cost function for product s in country j is 
These equations determine the factor prices in country j. If the marginal rates of technical substitution satisfy a single-crossing condition, the factor prices are uniquely determined. Then if country ℓ also produces these same two products, the same equations determine factor prices in country ℓ, with a ℓ in place of a j . This implies v j = v ℓ , and
where w 0 is a reference wage level that can be normalized to 1.
In this model, migration has no effect on relative wages. Thus if 30 million workers move from
Mexico to the U.S., it will still be true that the wage in the U.S. is 2.5 times the wage in Mexico.
But migration affects wage levels. 7
General Equilibrium
Given the factor prices, the prices of consumer goods are determined by the cost functions. Then, given the prices of consumer goods, the quantities are determined by preferences and total income (where income depends on factor prices). Given the total quantities to be produced, and the factor prices, producers determine the profit-maximizing factor quantities. This gives demand curves for the factors, and factor prices are determined so as to clear the factor markets.
If the production function for each good is a CES, the price of good s is given by
where w is the wage in efficiency units, and where α s + β s = 1.
7 See Borjas (2009) for an analysis of the effects of immigration on wages in a setting where the domestic and foreign economies produce distinct goods, so that the factor price equalization theorem doesn't apply.
If labor is supplied inelastically, and if the utility functions are loglinear, then the quantities to be produced are determined by the expenditure shares θ s applied to total income p s Q s = θ s wL + vK whereL is the aggregate amount of labor in the world (in efficiency units), andK is the aggregate amount of capital.
The conditional factor demand functions are the derivatives of the cost functions, by Shephard's lemma. The derivatives are determined by
Thus the factor demands are given by The point here is that ξ s is the capital share for product s, and θ s is the share of product s in total consumer expenditure, so the equilibrium condition is that the weighted average of the capital shares has to match the capital share of total income (implying that the corresponding equality holds for labor).
Note that ξ s may be an increasing or decreasing function of the factor price ratio, depending on the elasticity of substitution. But in the case of Cobb-Douglas production functions (σ = 1), ξ s = α s is just a technological parameter, and the equilibrium factor price ratio is then determined 
Goods Prices
The price ratio between any two consumer goods is given by
Thus an increase in the price of capital relative to labor implies an increase in the relative price of capital-intensive goods. For example, in the limit, when σ approaches 1,
Immigration and Wages
The effective total supply of labor aggregated over countries is
When workers move to countries with higher productivity, the effective supply of labor increases, and if the world capital stock is taken as fixed, this reduces the capital-labor ratio. Thus if M jk workers migrate from j to k, the change in the effective labor supply is 
When immigration restrictions are relaxed, the capital-labor ratioK L falls, so the factor-price ratio v w rises, and this leads to a fall in the real wage, w ps , measured in terms of good s. The reduction in the real wage is the same in all countries, regardless of whether they are sending or receiving countries. Factor price equalization holds both before and after the migration of labor, but migration reduces the wage per efficiency unit of labor (and therefore also reduces the wages of all workers who do not migrate).
Even though migration reduces the prices of labor-intensive goods relative to capital-intensive goods, there is a reduction in the real wage regardless of whether the real wage is defined in terms of labor-intensive or capital-intensive goods. But the magnitude of the effect depends on the composition of the consumption bundle. For example, in the Cobb-Douglas case, the elasticity of the factor price ratio with respect to the capital labor ratio is unity. Then if the capital share for good s is α s = 1 4 , a 10% increase in the effective supply of labor implies a 10% increase in the factor price ratio v w , and this implies a 2.5% increase in ps w , which means that the real wage falls by about 2.5% when measured in terms of good s. When measured in terms of a more labor-intensive good s ′ , with α s ′ = 1 10 for example, the real wage falls by only 1%.
Wages in the Long Run
Migration increases the return on capital, since the effective capital-labor ratio increases. In steady state equilibrium with a constant returns technology
where f ′ is the marginal product of capital, ρ is the rate of time preference, δ is the depreciation rate and k * is the effective capital-labor ratio. In the short run, migration increases the effective labor supply, so the capital-labor ratio falls below k * , and the marginal product of capital rises above ρ + δ. The investment rate therefore increases, and this continues until the effective capital-labor ratio returns to k * , and the real wage returns to its original level. Thus migration does not reduce wages in the long run.
Labor Supply and Wages with Open Borders: Magnitudes
The Effective Supply of Labor
Suppose the proportion of people who do not move is equal to the relative wage -the ratio of the wage in the home country to the highest wage available elsewhere. This relationship can be rationalized by the following simple model.
Let a = y 0 y 1 ≤ 1 be the level of income in the home location, relative to the highest income available elsewhere, and assume a logarithmic utility function. Assume also that migration involves a utility cost δ, which is drawn from a distribution F . Then it is optimal to stay in the home location if
If the distribution of δ is the unit exponential, F (t) = 1 − e −t , then the probability of staying
Although this model is of course oversimplified in many respects, it is consistent with the data on migration between Puerto Rico and the U.S. According to Clemens et al. (2008) , the relative wage in Puerto Rico is approximately 2 3 of the U.S. wage, and according to the 2000 Census, the proportion of adults born in Puerto Rico who were living in Puerto Rico is also approximately 2 3 . Moreover, Lessem (2011) estimates that a 10% increase in Mexican/U.S wage ratio would decrease migration by 11.6%, which is roughly consistent with the unit elasticity of the migration rate predicted by the simple model. 8
Given that each person starts with ah units of effective labor, and that the proportion of stayers is a, the average supply of effective labor after migration is
Thus the increase in effective labor per person is 1
The increase in the supply of labor is proportional to the increase in gross income (since income is just effective labor multiplied by the wage, and the wage is the same everywhere). With no migration, the effective aggregate labor supply is
where N j is the labor force.
The aggregate increase in effective labor due to migration is
So the proportional increase in effective labor is
Since total labor income can be written as wa j h j N j = λ j Y j , this can be restated in terms of income as
In order to estimate the increase in the effective supply of labor due to open borders it would be necessary to have data on incomes and relative wages for all countries. But an illustrative calculation can be made using the available data. Table 1 shows the estimated gains in effective
implied by opening the U.S. border to workers from Mexico, the Philippines and a number of Central and South American countries. The number of workers in the labor force in these 12 countries, taken together, is about 84% of the U.S. labor force. The simple migration model implies that the number of immigrants to the U.S. would be about 57% of the U.S. labor force. But the implied increase in the total effective labor supply is only 16%. 9 The reason for this is simply that the effective labor supplied by each worker is proportional to the amount of human capital the worker has, and the relative wage and income data imply that human capital levels in these countries are much lower than in the U.S.
One conclusion from this exercise is that the effect of open borders on real wage rates is surprisingly small (even in the short run, with capital held fixed). For example, if the real wage is computed in terms of goods for which the capital share is 1 4 , the real wage falls by only about 4% when the U.S. labor market is opened up to allow immigration from a group of less-developed countries that is not much smaller than the U.S. (in terms of the size of the labor force). 
Net Gains from Migration
Given factor price equalization, average income per worker in country j is
where h j is the human capital of the average worker. 10 Both h and a are measured in efficiency units of labor; the difference between them is that h is embodied in the worker, and is carried from one country to another when the worker migrates, while a is embodied in the country. Thus when a worker moves from j to ℓ, income changes from y = a j h j w to y ′ = a ℓ h j w, so the (gross) income gain is ∆y = (a ℓ − a j ) h j w, and in the case of a move to the highest efficiency level,
The net gains from migration differ from one individual to another. The net gain for the marginal migrant is zero, and of course there is no gain for those who do not migrate. If the lowest migration cost is zero then the first person who moves gains the full income difference, 1−a j a j y j . For the average migrant, the gain is roughly the average of these:
1−a j 2a j y j 11 . The proportion of people who do not migrate is a j , so the income gain for the average person (including nonmigrants) is Using the data described in Section 2, after deleting two countries (Egypt and Venezuela) with anomalous relative wage data, net gains from migration (ḡ j ) can be estimated for a sample of 16 countries. The results of this calculation are shown in Figure 6 .
The average net gain over all countries is given bȳ g = j n jḡj j n j For the 16 countries in Figure 6 this gives an estimate of $6,591, per person (including nonmigrants), per year (in 2011 dollars, adjusted for purchasing power parity). This is a very large number: the average income per person in these countries is $9,676, so the gain is 68% of income. This is of course just a rough estimate, and it relies on a number of strong simplifying assumptions.
But unless these assumptions are very far off the mark, the result indicates that the gains from open borders would be enormous.
Conclusion
Liberal immigration policies are politically unpopular. To a large extent, this is because the beneficiaries of these policies are not allowed to vote. But it is also true that the enormous bene-
